Earth-based radar altimetry data for the northern equatorial belt of Mars (6øS-23øN) have recently been reduced to a common basis corresponding to the 6.1-mbar reference surface. A first look at these data indicates that the elevations of Tharsis, Elysium, and Lunae Planum are lower (by 2-5 km) than has been suggested by previous estimates. These differences show that the required amount of tectonic uplift (or constructional volcanism) for each area is less than has been previously envisioned. Atmospheric or surficial conditions are suggested which may explain the discrepancies between the radar topography and elevations measured by other techniques. The topographies of Chryse Planitia, Syrtis Major, and Vailes Marinefts are also described.
INTRODUCTION
For each Mars opposition between 1971 and 1980, earthbased radar measurements made at 3.5-cm (X band) and/or 12.6-cm (S band) wavelengths have provided detailed information on the topography and surface characteristics of the planet. During this period, segments of the Martian surface within -+23 ø of the equator were investigated ( Figure  1 ), permitting hemispheric variations in the radar properties to be studied. Detailed descriptions of the data collection and processing techniques for the 1971, 1973, and 1975/1976 Goldstone measurements of Mars have been given by Downs et al. [1975] and Roth et al. [1980] , to which the reader is referred. Data for the 1978 and 1980 oppositions were processed by techniques similar to those employed for the earlier oppositions.
Two of us (G.S.D., T.W.T.) have recently reduced the measurements of surface topography made during these five
Mars oppositions to the elevation datum corresponding to the 6.1-mbar atmospheric pressure surface [Wu, 1978] . The elevation of each point was obtained by combining the distance to the surface (calculated from the time delay of the peak power in the measured delay function) with the radius of the 6.1-mbar datum at the given latitude and longitude. The Jet Propulsion Laboratory ephemeris DE-114 was used for computing the time delay to the Martian center of mass and the areographic coordinates of the subearth point. Using range-Doppler frequency analysis, the radar signal for each opposition was partitioned into echoes from small, welldefined areas of the surface. The size of each resolution cell was dependent upon the parameters of the radar experiment (such as distance to the planet and transmitter power), permitting areas measuring 10-30 km (0.16ø-0.5 ø) in longitude and 80-120 km (1.30-2.0 ø) in latitude to be analyzed.
The purpose of this paper is, first, to present in a timely manner these new radar elevation measurements for regions where differences appear between these and earlier results; second, to discuss in general terms the significance of the data in the study of the Martian crust and of its history; and, finally, to suggest atmospheric or surficial conditions which may explain the discrepancies between the radar topography and that measured by other techniques.
TOPOGRAPHIC PROFILES
The largest discrepancy between the radar topography and the previously published topographic data, derived primarily from the Mariner 9 radio occultation data [Kliore et al., 1972 [Kliore et al., , 1973 Wu, 1978] , appears to be in the northern hemisphere where no radar data were available at the time when the topographic map was published. Because many geological and geophysical investigations have focused on the northern hemisphere, we have selected three such areas where the elevation discrepancy exists to illustrate the new radar data set and present here some preliminary observations. Tharsis. The Tharsis region has been the center of numerous analyses [Carr, 1974; Wise et al., 1979a; Phillips and Lambeck, 1980;  and others], due to the presence of the four large, morphologically fresh shield volcanoes and the apparent elevated nature of the area. Nearly continuous radar profiles that cross Tharsis close to the summit of Ascraeus Mons (9.60-12.1øN), together with additional data for the same longitude range at 21.6øN, were acquired at Goldstone and are shown in Figures 2a-2c . Profiles from the U.S. Geological Survey topographic map of Mars (miscellaneous map 1-961) are included for comparison. There is a disparity between the two data sets which appears to be greatest at about 12øN, 111øW, where the lava plains immediately to the west of Ascreaus Mons are at an elevation of 3.65 km (nearly 6 km lower than has previously been believed). At 9.6øN, 111øW, the base of Ascraeus Mons is shown by the radar data to be at an elevation of 4.43 km, indicating that there is a northward dipping slope west of the volcano. In general, the mean elevation of the northern portion of the Tharsis dome (about 4000 km in diameter) appears to be about 2-3 km lower than previous measurements suggested, although the addition to the local geology at Lander 1, the radar data also provide additional topographic information on the channel systems which feed into southern Chryse Planitia, and this will be discussed in more detail below.
Syrtis Major Planitia and Isidis Planitia. Recent interpretations of radar data from the Arecibo Observatory [Simpson et al., 1982] have shown that at 10øN the Syrtis Major/Isidis area is characterized by an abrupt elevation transition from the floor of Isidis (at an elevation of about 2 km below datum) to the ridged plains materials of Syrtis Major (3-4 km above Mars datum). Our data (Figure 4 ) corroborate this observation and provide additional information on the regional topography to the north and south. As far south as 3øN, Isidis Planitia is depressed below the 6.1-mbar datum, while the plains north of the basin are also 1-1.5 km below the datum. As was noted by Schaber et al. [1981] , it is also evident that the ridged plains of Syrtis Major are elevated by 0.5-1 km with respect to the cratered terrains to the west. Like Lunae Planum (Figure 3) , it therefore seems possible that the lava flows within Syrtis Major were emplaced on top of (and did not replace) the original heavily cratered material and that significant isostatic readjustment has not taken place in either area after these events.
INDIVIDUAL POINTS OF GEOLOGICAL INTEREST
In addition to the profiles presented in Figures 2-4 , the new radar elevation data have direct relevance to investigatiens of a number of diverse geological regions. Topographic data for several such regions are summarized in Table 1 Table 1 (entries 1-10) for the plains regions surrounding all the major volcanoes. No radar echoes were received from many of the lava flows within Tharsis, apparently because of the very rough surfaces on these flows; most of the incident radar power was evidently very diffusely scattered. Elevation estimates for this region are therefore few in number and probably spatially selected, but they do confirm the lower absolute relief of Tharsis which was described in the previous section. It is also apparent (entries 1, 2, 9, and 10 in Table 1 ) that in addition to northern Tharsis being generally quite low, the lava plains surrounding Olympus Mens and its aureole are topographically depressed with respect to the surrounding areas. Eleva- Radar measurements of the elevations found within Elysium (entries 11-13) and Amazonis planitiae (entries 14, 15) reveal that these parts of the northern plains, together with Chryse Planitia (entries 16, 17), are at a common altitude of about-2 km. All three of these areas are large-scale lava plains which are separated by 5000-10,000 km on the planet, yet evidently share a nearly common elevation. It is unlikely that this attribute is coincidental. A more plausible explanation is the large-scale (low-harmonic) isostatic readjustment of the northern plains after their emplacement. An alternative (and probably more likely) explanation is that areally extensive lavas could have been emplaced upon an older, isostatically compensated surface.
• Numerous data points for Chryse Planitia and the large channels to the south (Simud, Ares, and Tiu vailes) are included in The radar data show that the relief of Vailes Marineris is extreme. Previous radar measurements [Roth et al., 1980] have indicated that the canyon is more than 6 km deep; our data demonstrate that the rim (entries 27-30) also has a pronounced regional tilt (down toward the east). North of Noctis Labyrinthus (6øS, 100øW; entry 27) the surrounding plains are at an elevation of about 9 km, while at the eastern end of Eos Chasma, 3600 km to the east, the rim is only about 2 km above the datum (entry 30). A pair of height measurements on the northern rim of the canyon at Tithonia Catena (entry 28) was also obtained during the radar measurements, thereby providing an independent control point for the recently published 1:500,000 topographic map of Tithonium Chasma (U.S. Geological Survey miscellaneous map 1-1294).
.,
DISCUSSION OF DATA SET DISCREPANCIES
Because the elevation values reported here differ significantly from those given on the U.S. Geological Survey topographic map of Mars, it is pertinent to consider additional independently derived estimates of elevation and the possible cause of the reported discrepancies. Viking radio occultation measurements [Lindal et al., 1979 ] provide one such independent data set, with a few point estimates of elevation (with an estimated accuracy of 1 km) almost coincident with the radar groundtracks. A comparison of these coincident radar and occultation measurements (Table  2) demonstrates that in most instances the maximum radarderived height estimate is within 500 m of the occultation value. Because occultation measurements are always biased toward the highest local surface elevation (due to the spacecraft's signal being lost behind the highest feature along the line of sight [Lindal et al., 1979] ), the discrepancies shown in Table 2 are not considered to be significant. Overestimates of the occultation-derived elevations were predicted to be greatest for areas of rough terrain or in the proximity of major topographic features, such as the huge volcanoes. In these instances it is likely that the maximum elevation estimate from the radar (rather than the mean value) is the closest comparison to the occultation measurements listed in Table 2. As was mentioned above, the U.S. Geological Survey map also employed radio occultation data (in this case, data from Mariner 9 [Kliore et al., 1973] ) as the major part of the control information for the northern hemisphere [Wu, 1978] . However, both this map and the topographic map produced by Christensen [1975] (which utilized essentially similar data sets but differed in the estimated bias assigned to each data set) overestimated the elevations of Tharsis, Lunae Planum, If the noted effect is one of systematic variations in atmospheric scattering, there is a possibility of interpreting the inferred elevation differences in terms of topographically controlled atmospheric phenomena. Low-altitude winds could entrain more dust than can be supported at high altitudes. Alternatively, if the observed variations in elevation can be shown to be a consequence of differences in surface UV reflectivity, then it would require an elevation dependence of surface geochemistry to explain the discrepancy, which could be confirmed from the multispectral reflectivity properties of various mineral types. While in the present study our attention has focused on the geomorphology of the surface, it appears that the new radar data set also presents intriguing possibilities for investigating other Martian phenomena. Accompanying such a reanalysis of Tharsis topography, it also appears that the Bouguer-corrected gravity models for this area may need further investigation. Since the lower elevations will make the correction smaller, the uncompensated mass concentration is even larger than has previously been thought, making the support mechanism for this area even more enigmatic. Similar considerations apply to Elysium and Isidis planitae, as well as Lunae Planum, although the extremely large mass concentrations are not present.
A variety of previous correlations between topography and morphological features are also affected. For example, the apparent correlation of impact crater ejecta morphologies with elevation [Mouginis-Mark, 1979] will undoubtedly need modification. On the other hand, the new radar data also provide the potential for several new, more rigorous investigations of the Martian surface than were previously possible. The derivation of local slopes for the large channels feeding Chryse Planitia can now be conducted, while searches for erosion surfaces and ancient impact basins within the crate•red hemisphere are also feasible.
